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m e  from Q.01 up to 5,000 paoU~~ray.  D- for cyto- 
kinins and relakd compounds prcducing molar m s s -  
reactivities lowcr d.lan 0.01% are noz shown, nlmely, no 
mss-rcactiViry was found for d d n e ,  odenosinc. aden- 
osine 5'-monophosphaq inosine, N,iV'-dipheayl~lp~, 
zeatin 7-glucosidc, dhydrozeatin 7-glucoaidt. dihy- 
dmzearin 9-@uoslde, snd 0-glucosides of zoadn and 
dihydmaadn even wban mied in m o u n ~ s  up u) 5,000 
pmollusay. Otha wayal isopienoid cymkinin~ such zs 
zo;rdn. xeann nlboside, =tin 9-glucoeide, 2- riboside 
5'-monophrwphare, cir-zeadn, cis-zaatin ribaside, dihy- 
h e a t h .  a d  d i h y d ~ m a t i n  riboridc showed It mast 
mly sli@r aosa-reaotiviry, In addidon to thc riboside, 
the antibodies kmss-rracted strongly wilh mpecdve Bee 
baxs, ribaside S'-maaphosphatea. and fl-gluwsida. 
The slopes of &E lugpegit t n m ~ ~ a t i o n  & lli N3. 
substituted derivative6 w0re iimilar u, dae standard 
c w c s  of [9R]BAP and (rnOHJ[9R]BAP, rapecuvely 
(&u not shown). 

by Nb-benzy Iadcnina. i+f-( or rko- b y b x y b z y  r) ndeninc, 
nnd their ~-glyccsides for antibodies raised agdnst 
mru-derivative. Aus. the parition ai !he hydmxyl p u p  
on the benzy1 ring is a pucia facror for entibody m a g -  
dtion. Ab expected the anti-[9R]BAP anribudics were 
macbve with isopeaeeoyladeninc, kinadn. and thsk 
A9-glycocidc3 b e r a u ~  of rbe x p o b  aid0 c h h  of  rhQ 
0ripLnal ~r t ig ten .  In!crr&b&, natibady alm boond 
uppmjpbly bulzyI3dcnine 3-glucdds and @.(marc!- 
hydroxyknzy1)adenine and iw Ns-subsdtuted deriva- 
tives. In consequenca, by xplncing of t9RIBAP with 
(mOH)[9R]BAP tracrr. the m a y  is also auiuble for 

SLlrpriShgly, here wa6 B low lcvcl of Compeddm 
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Immw6dPwcizon and Q w ~ $ c a r i o n  of Cyrohdns in 
Plum &frucrs 

The broad specificity of the antibodies for N9- 
substiruenrs of aromaric cyoakinin allowed thcs forms to 
be qwtified rogethcr with h s e  fur whish the mays 
w m  daveluped. This WS & k e d  by ~ p a n d n g  dl 
uoss-reacdvc compounds using nvo diffexent HptC sya- 
tems on b e  Sspnron SGX C,a coJ.umn (Fig. 3). This 
column is unique in cba it  separs~es cpkmina in meh- 
m l i c  pdient  (systq A) accclrdiry to rhair apparem 
hydrophobiciry; but whin sepantod io s y s m  B (acrru- 
Nrrile-TSAA buficr as a snlvent), the fl-$uc~lsi&.~ 
duted tTrst fbUnwed by Ihe frae bsws, and the ribosidcs 
were retahed most strongly h o n e  thcir compooding 

was 1 ~ood separation of aromacia cyto3cinlas h9m iso- 
prenoid ones (see Strnnd et al. 1990, Jones =,ai- 1996). 
H o w k ,  the barch-to-batnh variability in r4c scxiorwy 
pharx: wag quite hi&. 

Afb3y of 'HPLC-gurifled utract  uf P. x Roburu 
leaves w i d  fha U Z S A  for (mOH)[SR]BAP dnecred 
cross-reacdvc compounds coalutiag with tha3c of au- 
hentic end labclui (mOH)[SR]BAP and ics frtec b s e  
(Fig. 4). The valuer obtnincd &om two IBLC sysums of 
rhe h e  duplicatr c s d m a ~ s  were 2Q.S c 3.4 646 7,2 f 
0.9 pmol g-' FW, respectively, ELISA using and- 
(9RBAP sauhdies m a l e d  peak carresponding lop- 
benzyhdcnosine (0.~93 f 0.12 p o l .  g'' W) and @- 
tmzyixicnim (0.31 2 0.09 ~ & O I  8-l FW). In addldan. 

pound that in .& mech.onolic gradimz had a nreahm 
time of 13.5 min (Fig. 4). Ir was deduced to bc 

Ng-absdhlted MVP~~~CS (Fig. 3B). F~rch-oe, c h e r ~  

che M ~ ~ . [ Y R J B A P  antibobs c ~ ~ s s - t e a a c d  with 1 -- 
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farmed Sbiunum plinr& k n o w  to c o n b  c p -  
lanins (Hagan d- 1973, S t n a d  et aI, 1992b, Nmdl ct 
4, 19898) were analyzed. Interference in &e assay by 
a b  compaunds in the axtractl, 05 fndicated by nonpar- 
allelism of chr standard CU~VQ and sample durian 
w c s ,  p w e d  not KO ba a problem for any sample, even 
when UUQ emae!s were malyzad by ELISAS. In sddi- 
rtoa, spiking with surhentic sundards far i n t d  sua- 
brdization a€ cihor -de emcu CIT HYLC iiadons 
containing .mrnunoacdvc subsunccs produced parallel 
~ C S ,  a g c n d y  reporoed for cytokinia i m m ~ o ~ s a y s  
whila 1980, BadcnocbJoms et aL 1964, b d c  et d 
19861. Moreover. HeLC inrnunchisccigrams 5 h ~ G e d  
single pe,ab of immuno&viry cochrwnasagxaphing 
with me cornspanding 1- and uplabaled smdards.  
In spik of this 4 d w e  s~pwmhg che vaLidiv of tk 
HXC-ELISA, the idendficsrion of individual cam- 

I-- - A 1 

Founds p h r  atracts by rhc methad should be w- 
gsrded a tentative for thc fouowing thee rezans. First, 
the largc numbor af different cyoldnins in ,wmcts 
makes ir difficult m rtaalvc rhRn all w~&uausty, 
especially by colledng fractions, Second, rerention 
tlmcv $ HPLC am 6ubjecteO co h h t  variation due La 
impurieics in tbc extraa, fluctuating mmpaacure, cic. 
Third. in Borne cas85 &e levels af individual cyn~Lin ins 
can be e x u m l y  high, leading, io a p e a b l e  irnmmc~ 
rPacrivity evea in EL;LSAS in which such campounds 
shaw law cross-reaairiry, 1s b been suggesred that the 
immuwassays could be u s 4  in conjundon with appro- 
pri.1~9 systtmr, far qmkinin separadan (MakDonald er aL 
1981. Badexmch-Imes et d. 1984). C I e ~ l y ,  it i6 ;mpOr- 
rylt to separate all cytokinin meubolites evsn when 
aau-zsactiyiries m lower r h ~  0.1%. For chs samples 
examinad by (9RIBAP EUSA in dz pradcni study, J 
rechroma~oyr&phia~ the putative mefa-hydroxy- 

coafinned this (SAX Fig. bauyladenioe-lika cymhlnh 
4). Furtheimorc, we have already detected very hgh N”- 
(ortko-hyciroxy~Uydonosine i e d s  (a much BJ 1.0 

. I  
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5. h n m r t p o d ~ k m  of ~ m m S  c p k i d r ~ ~  !s HPLt-brda~ed 
PI iP Unrrspdorrcctl (A md C) & annsfmmcd @ md I)) md 

raio shoore by T-DNA gene b ( i p r )  by ELISAs for .@- 
zylwkwrhe (A and BI md ~-(mcco.h~rmybenry9ldenoslo.  

r6nol* b-* FW) in WLC-punfed errrscrs &thn by ap 
priate aasay ( S b s d  et a]. 19921) 01 by ELIUS 

r zesdn riboside, dthybc~zearin iboside, isopntcny- 
ma&, N6-benzyladenosinq and l@-(mcza-hydroxy- 

1)dcaosine (dsu not shown). Immunoassays de- 
?sloped & the prcsant siudy proved to hnvo sseful 

Licatipn in locating and csrimatlng the arum& eyca- 
u-ne SU~KWCCS in HPLC fractions. One m e w  for 

khiaving thls In rhe presence of a high W b a c k p u n d  
Yas b d  on cochromatngrqhy of bs~~~unoacdve s u b  
$anccs W i t h  authentic radioljboled standards and had 
#ready been developed for ssdrnalion af isoprenoid cy- 

ki,?inS (Badcnocb-Jones et al. 19873. Hocm e[ 5 
988). ne addirioa of 2-3H-labeled cytokiniu of 
c highest activiry avail sble (appraximstely 1.0 
Bq * mal") to the exmcts faciliratcd decection of thc 

unoactive fractions, giving bcrrar sesclution or' com- 
omds lhet dura e l w  tDged.ler, e.g., iv6-ixmyhdmine 

ISapenlarylsderhe. as wcU as a m u r e  of rhe per- 

~ a r o g ! X p h i c  praccdures used do lzoc p d y  E- 
golw these cyroktnins, and thus tlz irnmunoacdviv BC- 

kiburad to hpentenyladcnine a d  raLsted darivah'vcs 

f 
$I- 

i ntqe r e c ~ e r y  of c a d  cyrolcinin aftcT purifiudon. 

jg 
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HPLC rPbttJa thne prim) 

could io same csres nun aut to ba due ui rht presence of 
~ - b e n z y l h i n e - l i k e  substances Qhndi et al. 198%). 
BPLC-ELISAS 48 exmcu of IpprOma shoot d c u n  de- 
rived :Sam msform6d Solanum Aeaf discs by T-DNA 
genc 4 ($1)  indicated sha~ rhe high Endogenous lev& af 
~*-bcn;zy~abine-cype cytokinins found in m w n  g d k  
(Nan& cr al. 1989a) sod remama shoot c u l m  (pnsmt 
study), arc p b u b l y  iaducsd by eltvaed levels of iso- 
p a i d  crnkinins (see On&i er al. 1990) Nber than 
6y11rhedd by a ~ m e ~  encoded in T-DNA,' T-DNA 
@me 4 iavolwd ia dae pducdcn of isoprencid cytnki- 
nins m a y  well inSerfer~ with wild-type biosya*iric parh- 
ways of aromatic cymIQins. Funhermore, it has been 
prulafcd rbat cyrakiains induce th& own synthesir 
when preSenK high& tban threshold concTPPSfio3 
Wins snd Hensen 1985). The effecrp of exogenous cy- 
roldnins ou rhc a ~ c ~ m u l a r i ~ a  of dogenous zestin ar.d 
%eatin riboside which would a u p n  rhls hyporhesfs have 
hen reparted Wak'er al. 1982..VariiCovb et al. 1987). 
Thus, the dats obraiaed in the psenc  gcudy indicam tbsl 
an increase in i~~prrnoid cymk?nln lcvcls due m x w -  
gsacsis by T-DNA gme 4 can induce 80 increw In the 
level of q c  cyt?kdniw in p h r  cells. Thc iuenrity of 
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